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Abstract 

In a recent PRL Vittorio and Silk calculate the microwave 

anisotropy in a Universe dominated by the relativistic decay products of 

neutrinO.3 which decayed in the recent past (redshift zd). They use the 

upper limit of Uson and Wilkinson on the anisotropy of the microwave 

background at 0.5' to obtain the constraint: zd < 3. The constraint on 

decaying warm particles presumably lies somewhere between 4 and 3. 
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ClJuuEw ?N F,LK PND “,TTDPIO’S ~‘THE HICPW4”E SLCKGROIJND 

ANISOTROPY &ND DECAVING PlRTlCLE YDOELS OF Li FL&IT “N,“ERSE” 

nl.Or.t‘C,l LJr.j”d*C. argues stronslv tar the n=1, 

Eln.t.in-d6itt.r co.no,o~,ca, model (n I. fh. r.tlo of th. 

DreSsnf mer*y *e,n.ity to th* crit,ca, dansity,. mww.r, th. 

obscrvatlonal data sUOa.St that fioes’ 0.ito.l. sine* the 

ObS.r”atio”al da* is only ..n.itive to th. concen*nt th.t 

clum,~s. thmry and ~bssrvatlon can be r.concl1.d 19 th.r. 

SXISt. * smooth COmPOn.“t th.t aCCO”“fs for l-l,,,- \-I&= 
* I 

0.0*0.1. Sev*rrl a”thors ‘oa h.“O su~gastsd that th. .mooth 

component could b* rC,at*“,.t*c partic,*. Droduccd by the 

recent decay at a ma55iv*, r*,,c part,c,a .P.CI.S. A. Turn,r 

..a? point out. such “dscayinp particI* cosmoloolcs’ (DPC? 

*re ssvarely constrminsd by the observed ,llotropy ot th* 3K 

bsck*ro”nd. In part,wIar, they arsued that I’zdmust be le.. 

than D(10) (Zd 1. fh. r.dPhitt 01 decay). In a recsnt PRL 

“ittOri and Silkq ha”* used fh. mea.“rem*“ts of uson and 

Yilkin.ons fO D”t Sfrinaent constraints on Z* in the C.SB that 

th* decaying Darficie is a neutrino: Td .( 4. [The 

“Son-Wilkins”” measurement e,aces an UPPer limit of d-r/T (3* 

\o-=on the angular Stale 01 4.S.l I” this Comment v* cm,nt 

out thaf their result <an be ea.i,v ~eneraliz.d to th. car;. 

where fh. daclyinp Darticle 1. a cold relic ci,a., heavy. rnags 

>) , kc”,. and obtain an UPD.~ limit to the red.hifr ot dscay: 

z* 4 8. 

115 disc”55ed by “ittorlo an* sillcq fhC a”isc.froPy at 

4.5’ 15 related to the Dower sp.ctrum P(I) ot denslfy 

D.rf”rbatio”. on fh. sca,s corresDon*In# fD 4.5’ at the ewch 

01 decouol ina’ tz &’ 15001, Th. an’dvlar SC.:. + and ,,n.ar 

sea,. 1 arc rs1rt.d by: #z l.\‘h(!+.~‘)/H,d. , wh.re tn. 

Hubblm par.n.t.r today is H - l%Bh km W-’ YDC-‘, th.p-WI 

tmpwatur. I, 2.78K. and Hec$I. the di,tmc. ta th. last 

scattering surtac. In Hubbl. unit.. WSTO P(I)= kx\&\. ~$1. 

fh. Fourier com~o”.nt of &-jj/,, k = 2Wl I. th. wvsnunber .nd 

1 th. w.vel.ns$h at th. Fourtw cowon.nt 4. DI,%i~.lly. P(I) 

m.a,ure5 th. RMS fluctuation ot d-M/M on the SC.!* I For cold 

r*,,cs P IS l “nl”.rsal t”nCtlonf P(L)= $f(fm/fia) d.m D 

is an ov*rall normalization. and 1 
‘f 

1s th. rc.!* just 

.nt.rina th. horizon vh.n th. Unlvarss became martar-dom1nat.d: 

4% 
l~npLK$r~j’ea. h g.nsrs~ t(d c P, *here m .de~d5 

on ths Lnitia, .o.ctrum .,t perturb.t,On. and x, Cm th. 

Zel’dovich .‘wctrum m = 0 ‘or x<<l. m=l for xi!, .nd m = 2 

For non-d.c.yfns cold r.lic. Hedo- 2. USI-8 th. tact P(lC) 

= 1 On th. scale lC:w’np today and that P(!,l,) ht.9 grow- 

linsarly with the seal. t.ctor since decouplins r. cl” 301~. 

fOT p,& (I& : 

P&,,‘, % (bcl)-’ W) 1 I.r-~/(500 

In the DPC thinas ar* a IlftlC clitterence et a redshift 

of zd th. Drowth O+ cs.rt”rbatlOns b.pin. to .I:.- 50wn b.~.“.. 

the ““ivers. is becomlns radiation-dominated a?~ :*e growth 

3in.z. decowlins can be rritren as 15001dt. where 71‘ 15 the 

ettcit tacror? A reasonable tit to the numeri:.: result. 0t 

ret. 3 (@,od to about 18%) is: dt = .5(1 + id’ + ,,a,** ‘or 4 & 

zd & 10B. In the WC Hede= 2&-,; 



,,2-1,d +or the D.r.“.~.rS :’ >~~er.s:, Agal” r. C.” “1. PC,‘) 

= 1 to SO,“. +or PL; :I 4~5 ,: 

p E ( &) = (l5oo)-‘df rro;;;;;;~f-$;ie2) , 

= 0.8~” df (Ho~o/\.3)-1\/~~oo 

compar,ng to the ~reviou. reeult we se. th.t PzCly,S) I. larger 

by I tactor of 

P;://p&c = df 1.6” (ti&&)‘“. 

Th.r. .r. two .t+.ct.--+lr.t the deficit ‘.ctor and second tha 

tact that 1t,s Is sma,,er I” th. DPC. For h - .5 (I” th. DPC h, 

muet be .4-.5 In ord.r to have a .uffi~L.ntly old Univcrsc) the 

pradictsd misotrwy for non-decayIn cold relics 1. within a 

factor 01 3 of the measurad uwer limit. Taking m = I (tar the 

Zel’dovich spectrum) and rewiring that cL’14,.) be no larger 

than 3.5 time. P&oC1q,<) results in the “DP.~ limit: ‘A & 8. 

Ye not. that .i”c. the small-scale .ni.otrwy r..trict. zd to 

be lees fhan 4 ‘or hot relics and 1.e. than 3 far cold relic., 

wue uauld .XD.C~ th. conetraint lor warm relics fo Ile between 4 

and 6. 
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